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AllsLract

WC lIavc dcfittcd  aft aflbrdal,lc advaltcrd S]JaCC
V e r y  l,c)tl~, IIasclillc Illtcrfcro]ilf  ’try (\ll,lil) IIlissioll
IIa IIICd  AI{ ISIY (As  Lro]lol Ilic.al ltadio IItkrfcrolrlc! ry
lICtWWII SI,acc  and l;arth). A  large SINiCC ra(lio

(clcsc(Il)c  Wit}l lliSlj a])erLurc  cflicicllcics  I)ctwccll  1 . 7
a]ld  4:\ (; 117, w o u l d  I)c mlll)lc)ycd to ]llalic  olm.rva-
tiotls silllllltallcc]tlsly witli  arr:iys o f  p,roulld r a d i o
tclm+co]]cs.  ‘1’IIc ],rilllary sc.imltific. goals ilIcludc  IIigll
dy]lalllic  Iiillp,(’  lllal)])illg  o f  ccjrc-clol[lillatccl  activ~

F,alactir JIurlei  (A(~N),  itllaF;illF;  of weak radio corm
ill A(; N 011 scales of 0.01 ]]arsccs  or Icss,  direct ]IJc:i-
surclllctlt, of dist, atlr-cs 1,0 IIcarl)y  g a l a x i e s  usit]g  tllc
c)rl)ital  }~:irallax oft]lcir lIz() IIlascrs, and iliwillgof

r a d i o  s(ars ill tllcir quicscmit  soaks willi  resolution
l,cttcr tlltill  0 . 1  A U .  ‘1’IIc kcy dmigll  rcquircl[lcll{  c)f
AI{ISI; i s  a  IIIUCh Iiigllcr  mlsitivity tllall w i l l  I)c
avail al)]c  f o r  (IIC \r,Sol” arid lklioAstroIl IIlissio]]s

ill lJIIC 1990s,  wit]l  a fringe tllrcsllcdd  o f  1 0  IIIJy  a(
frcqtlcllcics  u}) tc) 22 (;l Iz, a]ld  20 IIoJy at 4 3  (~llz,
011 H I)asclillc  to a s ingle  25-111  tclcsco])c  of tlm Very

I, OJIF,  ]Iasc]i]lc Array. (kiticd dcsigll  l)aralll~t~rs for
tlIr 1,7- tc] 72-(; 1171  raug,c  iIlcludc t}lc following: (1)
a 20 30-]JI slmcc  a])tc]ll)a  wit]]  a})])roxilllatdy 6 0 %
a])crtrlrc cflicicllcy;  (2) systcnn  k.llll]craturcs of 10
20 K; aticl (3) a data rate of 1-2 (; bit/s.

JIitrgo[luctiol)

\)cry ],()),?, ]jas~]i),~  ]l]t~rf~rol,,~t,ry  (\~l,l{]) i s

all aslrollolltical olmcrving  tcc]lniquc usd to  c~btai]l
very IIigll resolution at radio frcqucllcios. ‘,2 [;roll])(l-
l)ascd  V],]{]  IIas l)CWII  usd for ]tlorc  tllat~ 25 y e a r s ,
sillcc  t,llc ]~ionccrillF; cx])crilncllts ill tltc late 19 GOs.:J’4

‘1’IIc tccllniquc mo]~loys two or ]Ilorc  widdy sq)aratcd
radio klcsc.o])cs, each IIaving  highly accurate (l~ut
illdc])clldclit)  frcqucllc.y  stallcfards, sil)lultalleously
olmcrvc  tjllc sall]c radio source. l)ata fro]!] a  Iargc
I,alldwidtll (currently as IIigll as 112 hlllz) arc dig-
itized .aIld rccordcd at t h e  tclcscoI)cs,  tlicxl I)rougllt
loF;ctllcr  for crcms-corrdatiol) at a central l)roccssillg
f a c i l i t y ,  l)ata frolll cac.11 ]]air  of tclcscol)cx  saln])]cs
tltc two dilllcmic)]]al  11’ouricr t ral)sforln c)f Lllc radi[,
source  I)rigl}tllcss  distril]utioll. ‘1’IIc colnl)illatiol) o f
a larg;c IIulrlllcr  o f  altkrltla sct)aratiolw (I)asclillcs)
:illd tllc l’; artll’s rotatic)ll gives a relatively colII]Jlctc
s:illll)lillg, al]d leads to all accurat,c rcc.olistructiolt o f
tllc source l)riglllllcss distril~utioll.

\~],];l is t]lc  ]lig]lcst  rcsollltioll t e c h n i q u e  cur-

rmltly u s e d  ill astrollol[]y, CVCII  though VIJII1 oljscr-
vatic)lls  a r c  IIladc  at  wavclcllgt]ls ty])ic.ally  rallp,illg
fro],]  a fcw IIlillilllctcrs  to al,out 20 cro,  4 [J o r d e r s
o f  Itla:,]liiudc ]ollgcr  tl)all ol)tical wavclcllg~hs.  For

Cxalll],lcj  tllc rc’sc]lllti(ltl of a groutl(l-l~as((l  \JIJl~l ~x-
])crilllcllt a t  i) slalldard frcq(lcllcy of~,’1 (;IIZ (1.3  Clll

}v:(~r(l(’t]{~,tll),  wit]]  ii ]Ilaxiltllltll  Ilrojcct,cd  l~a<elillc o f
10)() ( ) ( )  kIII, is :~])])roxiltl{ittly  0.28  IIlilliarcsccc)tl(ls,

a  f a c t o r  of aljout 4 0 0  fi]lcr  tllalj lIIC rcsolutim)
acllicval)lc Ivitll  tll(’ 11~11)1~1(’  S]jace  ‘1’clcsc.o])c.  IIigllcr
rwollltioll c:i II IIC oljtairlcd citt[cr t]y olmrvi?]p,  at a
sllort,cr  w:ivclct I~(lI or I)y ])lacillg  a  radio  tclcscollc

ill l;arl]l orl)it. I’or cxaIIIIIl(s, (,IIc }Iigllcst  rcsolutio]l

aclli(,vd froll]  tllc grou]ld Ilas  I)cc]l ol)t)airlcd  l)y usill~,
olmrva{iolis at, 86 C~l17 (:{-111111  wavclcll~tll),  lvitll
all~, ular rcsolut,  ion as fillc  as 0.06  lllilliarcscc~]llCls.5’G

\/],])]  ol)s~r~r~t,io],s I,C1,WCC,I  ~roull(l  and S],ace

I  F,LIIS call I)rovidc  rcsclcll](,llts at cc.lltilllct.cr  w’<ivc ctl
oll)tio]l  silllilfir to F,rollll(l-l~ascd  Illillillwtcr  VI Jl~l.
II OWVCI, tllcy Salll])lc diflclcl]t l)rol)crtics o f  tllr
radio sources. (;oII)IMc1 radio sources cltlit radiatiol]
~)cllcratc(l  l~y llOlltll Crllliil llroccsscs; this r a d i a t i o n
oftcll  is CJlarac(crizcd t]y its strclig[lt as a function  o f
frcqumcy. lJollF,cr wavclcllg(ll olmrvatiolw arc l[luch
IIlorc  sc)lsitivc to tllc stcc])-sl~cctrurll (stroJip,cr  ;it
low f[-cqucllcics)  jets kvllicll arc ]Jrcsrllt ill Il]ally  cc)lIi  -
])act, cx(ragalaclic sources . hlally  of  tllcsc sourc.cs
arc c)l)ly })oc~r]y  resolved  wi th  groull(l-l)ascxl  \71,111,
illdcl)rvldcllt  of ol)scrvilig frcqucllc.y  ( s o u r - c c  s i x e s
gcllcrally dccrcasc at least as fast as tllc wavclc]lgtll).
‘1’]lcir s(rocturc can  I)c sccII o n l y  with s])acc-groullcl
l)asclil)cs. III a d d i t i o n , s})cctral-lilic sclurccs  sucl  I
as w a t e r  IIlascrs cltlit,  at flxcd  frcquc]lcics; better
resolutiolt o f  t h e s e  c)l~jccts c.a)l o]lly  bc acllicvcd I)y
goil)F; t o  s],acc, l’illally,  a kcy })ro])crty  c,f t}lc 1101  I-
tllcrlit:il  clllissioll I)roc.css  of co)l!]~act  radio sourc.cs  is
tllc sourc.c  l~riglltllcss  tclll])craturc. ‘1’ILc lJriglltncss-
tclll])cratrlrc sensitivity of all ilttcrfcro]ltcter dc])cJI&
o]lly o]) tl)c })llysical  l)asclillc lmigtli  slid IIot tllc
angular resolution, so I)riglltllcss tc]!ll)cratorcs al)ov~’
al,c)llt, ]ol~ K ~,all ])C ]Ilcasurccl  d i r e c t l y  only  With fi

I)asclillc Iollgcr  tl]all all l’krtll dialllctcr.

-1’ast and Near-l~utrlrc S])acc  \rl,l{l l’;x~)crilllcllts

\/],)]] ~~,)cri,],c))t,s  illvo]vi]lg  I)otll  S]): ICC and

p,roulld  clclllcllts linvc  additic)na] strillgcllt rcquirc-
lllcllts  co]l)])arcd  t o  tlIosc o f  grcmll[l-ollly  VI JIJ1.

I’rcqucl)cy  stal)ility c.olill~aral~lc  (0 that of  a  llydro
F,CII  Illascr IIlust I)c :iccuratcly trallsfcrrcd to tllc
slmcrcraft frolll tllc p,rourld,  \Vidc-l Jal)d diF,ital  d a t a
acqoircd at a rate greater tllall 100 hll)it/s calll]ot,
IJC r e c o r d e d  al)oard a s),acccraft for a si,gllificallt
],criod of titllc, s o  t,l Ic d a t a  frolll tllc orl)itcr IIlust

I)c trallstlli(tcd (0 tl,c groutid  in r e a l  tit[}c. l{otll  o f
lIICSG fidcts r e q u i r e  t h a t  tllc orl)itillg \Tl,lll  alltclilla
I,e ill contact Jvi(,ll a p,roulld  trackill~ statiol] ill c~rdcr



10 ol)t:iitl data .

‘I’ll< first  {Ict}lc)llsl.ratic)lls o f  Sl)acc  VI,  IJI wclc
], CIfOIIIICd  \$,i(,ll a  4.{) IIlclcr  alIt,clIIIa al)oard all (,X
is(illg ‘1’rackil)p, atld Ilata l{clay  ,Satcllile ,Systclfl
(’J’I)IWS)  s]~fic.ccraft i,, gcc,syl,cl,rc,],c>lis orl,itys llc-
twccII  1986 aIIcl 1988, scwcral  Cxljcrit]lcl]ts  were ]~cr-
forliicd al frqltcrtcics of ‘2.3 Gl]x (13 CIII wavcluIy, tlI)
aIId lb (; 117,  [2 cr]) wavclcligll  l); r:id)ro tdcsco])cs
i)} Ja]li]]] a]~d Austcalia w e r e  USN]  a s  tl]c  groull(l-
l~as(d  illterfrrc,l!lctcr clcll)cllts. At 2.3 Gllx, 23

o f  ?4 sollrccs w e r e  dct,cctd itl sl)it,c o f  lilllitcd
sctlsitivity.:’  A t  1 b (llIz, tllc det,cc.tioll rat,< w a s
lower,  dllc to tile vcly l)oor  smlsitivi(y  o f  tl}c s])acc
alltclllla. ]Iowcvcr, tllc olw:rvatiolls dcttlolls(ratcd
lIIC f(asil)ility o f  (rarlsfmrillg;  tlIc  grouild frcquetlcy
s(, al]dard to (IIC s]jacecraft wit]] suflicicll(  s]mtral
]~uril,y to cJIal Jlc coltcmnt olmrvalicrm  a~ tlIc l]igllcr
frcqucltcy. 1”

‘J’11(  s u c c e s s  of the ‘J’l)IMS  dcIllcJ]lstraticJ1ls
])layd aII ilt)])ortan( role ill t,l)c g,cllcsis of two dcd-
icatlrd  S])zrcc Vl,l]l Iliissiolls  t,llat  arc scllcdulcd f o r
tl)c  late 1990s. ‘1’lIc Ja])aucsc ll]stitutc of S])acc  aIId
Astro]lautica] Scimlc.c (ISAS) will ]au]lcll  tlIc  VSOI)
(Vi,])] S~JaCC ohscrvat,crry l’rog;ratllrlw)  q~acccrafl

(a lso  kllow]l  as MUSII;S-11)  irl Scl)tc]nlm  1 9 9 6 .1 1 -1 : ’
‘1’IIc sllacccraf[ will cmtsist of all 8-III radio txlcsccr])c
dIId rcccivcrs at 1.7, 4.8 and 22.2 G]lz, top,ctllcr  wit]]
lIIC rissclciat,d clcctronica  to  ]Jcrlnit tl~c salnl)lill?; c)f
1?8 h’ll,it/s at tlicsc frcqucmcics.  I t  w i l l  bc ill al!
clli])tical  orl~it  with a pcrigcw altit,udc  of 1,000 klli
aIId all a]]ogcc  altitude of a]]])roxilllatcly 22,000 kl[i.

III LIIC 1997 19!J8 tilnc fraIllc, tlIc  ILussia]t  Astro
S],acc (;mltcr is sclIedulcd to launch (IIC ltadioAstrc)])
s]jac,cc.raf(  iril,o aII clli])tical orl)i( IIavil)g; a ])c]igcx

alt,it, r]dc o f  4 , 0 0 0  ktn  and an a]logcc  a l t i t u d e  o f
77 ()()() ktll.]ll’l ]/,aclioAst,roll  also will I)c a dcdic.atd
S]LCC \~l,l H )Ilissioll, carryitlg  a radio t,clcsc.o])c w i t h
a dlalllctcr of 1 0  lllctlcrs.  ‘J’IIc olmcrvillg  frcqucllcics
will l)c silrlilar to those for VSO1), with tlIc  aclditiol]
of a l(~rl~,~’r-~val’clcllglll Imlid  nrar ().3 (;llx, and tllc
IIlaxilllulll d a t a  r a t e  also wi l l  I)c 128 Ml~it/s. ‘1’llis
IIlissioll  w i l l  hc all cxlllc)ratory  ]Ilissioll  tlI.at  will
il)vcst,igatc radic)  source s t r u c t u r e s  allcl l~ri.glltrlcss
~clll})cratr]rcs olI v e r y  lon,g I]asclirlcx,  I)utj !I]c lar~;e
&ii]lS ill ZIll(!I’~(llC (CJr ]“ClllriCr ~rallSfOrlll)  ~)]allc’  COVCI’-

agc will Ilot  allow  iltta~;i]lg  wit]] good  dyllal]lic rallp;c
I)msil)]c  wit])  VSO1’.

l;xtcllsivc a r r a y s  o f  groull&  l,ascd radio tclc-
sco])(:s lllllst, olmrve radic) sourcm sil[lllltali[~c]~lsly
wi!ll  VSOI”  aIId liadioAstroll ill o r d e r  to })rovidc
tllc a]~crturc })lallc covcragc  Ilcccssary f o r  tii~tl-

(luality lll(~isllrclllcllts of s{)llrcc I)rip,llttlcss  distci -
I,lltiolls. AIIIOI)F,  tllc ])ar(ici})tititlg  p,routlcl !(,1<-
Scot){  iirriiys a r c  (Ilc [1,,$. \~rry  l, OIIF, l]aselitic Array
(\’l,l;A), tll, l;(ir(lIlctitt  1’1,111 N e t w o r k  (l;VN), al)d
tllc Austr:ili~i  ‘Jklcsc(,])c  Natiolia] l’:icility  (A’J’N1’),
:is WC]] as a IIlll]]l)cr  of otllcr tclrsc. ol]cs ]llote  locm]y
affiliated !vitll tllcsc arrays.

Sciclltific (Jo~ils of Alil Sl}

Vsol]  ~ll(t l{ac]ioAst,rc)ll  ~$ri]l ])C ~,]lc first,  ‘<CX.

I)erilllctlts” ill S] Iacc VIJII1 l]tat itlvo]vc  tllc usc  o f
s])acccraft dedicated to Iliaki)lg  V],]]]  olmrvat,  ions.
IImvcvcr,  due to tl)c sll]all s})acc alltclllla.s  and tllcir
IIigll systel], (cl,l],craturcs (50 100 1{ fit 1.7 (;llz,
1 2 0  200 1{ at 22 (~11~), tllc ]Ilissiolls  \vill lIavc  ratllcr
lilllitcd scllsitivity; all calculatiolis l~rlow arc f o r  H
I)asclillc  to a si]lp,lc 2511] atltclllla of tllr VI, IIA.  J5 At
all olwcrvii  l?, flcqucllcy  o f  5 (; 1174, tl)c  70 ddcctioll
tllrcsllold  for \rSol) will I)c a])]lroxil[latcly 110 lIIJy,
wllil(.  that f o r  ltadio Astroll ~vill I)c al)out 60 i[t.ly
(1 Ildy = ]0-  ~$’ \~~ ,,, - ~ ]1~- 1 ). At 22 (~llz,
tllc systcllls a r c  II IUCII less  scrtsitivc, wit]) dctcc-
(ioll  tllrcsllolds ~lcar 4 0 0  )JiJy  f o r  l~otl] VSOl’ and
l{adioAstrolt. ‘J’lIcsc smjsitivitics irll],ly  that Only
sourcm IIavil]g  flux  dmlsilics 011 tllcc~rdcr Of 0.5 J y
( 1  Jy =  1000 lnJy)il) avcry co~n])actcorc,  call  l~c
olmrvd with IIigll clyllrilllic  rallgc, aTld tllrtt ol)jccts
w,itll core flux  densities lcsstllall 1001llJycrillliotl~c
detcctcd. VSOl’ and lLadioAstroll tllcrcforc will  I)c
colls(raillcd  toolmrvc !IIC l~rigl]tcst  cc)ln]jact, sourccs
ill tllc sky.

AiI ol)vious s u c c e s s o r  t o  VSOl’ and liadic)As-
troJ] would  l)c a IIlissio]l  witl]l such  IIigll scmsitivity
tl~at it could obsmvc and detect sourc.cs  with weak
radio corm, including ol]jccts suc.11 as !+yfcrt galax-
ies,  raclios(ars, cxtragalacticlt  'atcrlll  ascrs,allcllol~c-
do)llillatcd r a d i o  g,alaxics.  AIUSII; wc)uld I)c suc.11 a
IIlissioll lt w o u l d  o])cra!c at  frcqucllcics l~ctwccl)
1 . 7  and 43 (;llz wit]]  v e r y  Iligil scllsitivity.  ‘1’l[c
IIc)tllitlal  70 dctcctioll tllrcsliold  CI]I a  I]asclitlc  to a
VI,IIA  :illtcIllla~ ~c)~llcll) c2-41tlJyat l.7attc15(~ll~,
a]]]) roxirtlatc]y  10 iit Jy at 22 Gllz, a)]d 2 0  ]IIJy  a t
43(illx;  cwc11 }l’cakcr sc)llrccs  c(]ill(l l]cstll(lic(la  ttllc
lolvvr frcqucllcicx usi]lg  })lIasr rcfcrcllcillp,  ~ecllrliqucs
‘I’l IC eIIIJaIIccd sensitivity of’ AI{l S1;, dual ~)c,lari~,a-
tioll fds a]ld rcccivcrs, ])]us orl)it  dctcrlllillatioll

with all accuracy of tells of c.clltillictcrs or less, will
O])CII u]) ttcw areas of scir]ltific i]lvcstigatioll  that arc
]Iot, I)ossil]lc  }vitll VSO1)  o r  l{tidio  Ast, cotl. ‘1’IIc IICW
scic]ltific goals, sol IIc of wl]icll  arc  l is ted ill ‘J’at)lc
l,alsocallllot I,cacllicvd l\itllF;ro[lllcl-t,asccl V],]}]
l)ccausc o f  tl]c  lilllitcd l)asclillc lmlgtlw  availal)lcolj



lltc l’k Ir(l I. ‘1’lIcsr p,oals arc si]tiilar to sol IIc Iiskd
for ]Jrcviously }Jrw]~oscd ([)111  ullfutldcd)  COIICCII(S
stlc.11 a s  t,llc IIlt,c.rllatiotlal  Vl,ltl Sat,c]lit,c  (lVS) tirtd
(j(l ASA’]’  CXCC[)( t}lat  {lie IrI{IClI p,rcatcr sc]lsitivity o f
AIilSl; cfial)lcs sul)statltial scic)]tific rctllrll l)cyotId
l])al, c)lvisio)lcd  for Qll ASA’I’ Or l\~S,]G117

—-.— —..

‘lhl Jl( 1. SOllic k<y scictlcc F,oals of A lUSl~.

\~cry dc(ailcd illlagillg  of  larg,c saIIIplcs of  tictivc

~alact,ic  iluclci  (A(; N)at IIip;llcr rcsolutioli (l]all  fo r
grolllld arrays ill l,otlI  total illtctlsil.y atid I)olarimd
clllissioll
IIltap,illg, of Colll])act  radio sources ill ncarl)y \VCali

A(; N 011 scales sIIIallcr tlla]l t,llc l~roacl-lillc  rcp,ioll
(c,p;., < (}.01 ])c at 22 (;I17, f o r  Scyfcrl ?,alaxirx  al
dislallccs of 20 100 M})c)
])ircct dist,allcc IIlcasurell}cnt,s  of  galaxies  out, to
al)out 6 hf],c, IIsillg  orl)itai ])a]al]axcs o f  IIvo
I I Iascrs
l’;xtrcl!!cly  scl)sitivc I,l]asc-rcfercl] ccd ilnaxillg o f
radio stars ill t]lcir quicsccllt siatcs, wit]]  5- Gllz
resolution of ().04 All at a dis(allce of 100 ]JC
— ——

Very IIigl] scnlsitivity is Ilcdcd ill order to study
a lar-g;c salo]~]c  of AGN sdcctcd 011 t,l)c Imis of a])}] ar-
clltly isotro])ic.  ])rc)])crlics  ratllcr t,l I.aIi t,lic sLrc]tgt}l
o f  tllcir Co]ri])aco radio Cvllissio]).  WC  csti]natc tl]at
1X4WCCII 2 0 0  and 1000 AGN  ],otcntia]ly call  I,c
dcicc.td using VSOI”  a]id  lt,adic]Astroll, wlicmas
lllorc than 1 0 0 ) . O O  AGN  could I)c dc.tcc.tcd  usill~,
Al{lS]}.  For nearl)y A(; N such as ScyfcrL galaxies ,
cc]ltil llctc~r -l~,avrlc]lgtll  olmmvat,iolls  fro]])  sljacc arc
tllc o]lty  tcc.lll]iquc  ca}, al)lc of I]c)tll dct,cct,itig  altd
rCs[llviIl~, wCak CcWC C!lllissiOll  (tyl)iCa]]y  a  fC!Wr llJi]-
li.ia)lsliy)  OJI Ll,e sc.alc of t,l)c l)road-lillc rcgiol,  ( 0 . 1
])c or less). III t,llc sulmcctiol]s I)clc)w, wc g i v e  IIlorc

d e t a i l s  o f  tlIc  scimtific. goals of Altl Sl;. l)csigll of
t,]lc s])acccrzrft  that would ac.co~]l])lis]l t,]lcsc goals
i s  dcsc.ril)cd  follmvi]lg  tllc discussic)l]  o f  tllc scicllcc
goats.

fhrc- 1 )c,lllillatcd A[JN

(;c)rc-clc)lllillat,ccl  ac.tivc  g a l a c t i c .  IIuc.lci (A(; N)
w i l l  I)c lIIC ]Jrilrlary targets of VSOI) aitd ]{adioAs-
trolt; tlicsc I{tissiolls  will idm)tify tlIc strol]g s o u r c e s
wllicll  call  I)r olmcrvcd  wit}l tllc g r e a t e s t .  l]clldit
l~y A  1{.1S1;,  SUCJI ol)jccts IIavc  l)N]I  ol)servcd  m-
tcllsivcly wit]]  grouncl-l]asd \~l,lll, I,ot]l  itl p}Cl I-
cral surveys  and ill de ta i led  s tudies  of  par t icular
Ol)jccts. l~~ct ]{a]~i~] varia}~j]jty,  wit,]) cx])allsiotl  Of tll C

radio jct,s  wit]l  a]~]jarclttly  sul]erlullli~ta] spcds (i. e.,
al)l)arclllly f a s t e r  tltalt t,)lc vc]ocity o f  light) duc

to re la t ivis t ic  lJoljl]icr cflccts), arc c]tatactcristic o f
tllc radio c(jrcs  o f  tlIcsr sources. A  k{y qucst,i(,l)
I)r(,sctit,ly I]l]dcr  il~~(slip,:ili~)ll i s  t,llc ]~atll takc]l  lIy
l]IC discrclc cc)III]~[)]IrIits it) tlIc  j((s as Llwy III(IVC

outward  frc)tll tllc cOI(’, w]licl] ]Ias illl~)ortant  illllJ]i-
catlolls for (11(,  llti(lcrl.ylll  F, ])llys ical l)llctlo]i)etla.  ‘I’l Ic

A1{l SII; IIlissiol]  will }~rovidc tllc ca]]<il)ilityofvict~illg
s(lcli colII]jolIclIts  very closr to t,llc core  aflcr cjec, t,ioJl;

fol’ a  20 ,000-  kJll Ij:isclirie  at 43 (;l IZ, a CCM1lJ)OIICJI[
cjcctd at a]t a})l)arctit  slmxl of ]Oc (i. e., 10 tilllcs lJIIC
sl~cc(l of ]ig,llt) iJl a quasar al a rcdsl lift 2 = 0.5 w i l l
IJC n l,catlllridtll fro)ll  (lIC c o r e  ill ICSS  tlIa II a ]llo]iill
after its cjcctioll, A s  co][l},o)lcllts  ]I]ovc o u t w a r d
froth t]lc  core,  t]lcy  (Ivcrltilj  ot}]cr c.o~l)],otw[its a!Id
also  fade into i]lvisil)ility l~ccallsc  of rxilansioll aJid
cJlcrgy  l o s s  Ijy tllr rttclic)-cJllittill?,  clcctrolls. ‘1’11(’
s])acc-grouJld  rcsolutiolj  of A 1{1S1;  \vill Iw critical for
Iicel]ilif,  t hc cofIII,oJIcIJts  sc]jaratcd f) 011) C)IIC allotllcrj
w]lilc  t)lc  rJI]Ja IJccd sctlsitivity will m)a})]c thcvll Lo \)c
Jll O1litOJ’Cd  F1( n JIIIIC]l greater distaJICC froli)  t]lC Core
l]Ia J) wil} ])c ]~ossilile wit]]  VSO1’ a]ld ]{adioAstroJ1.

(irouJ)d-llascd  \JIJlll [Jolaril]ictry ltas provided a
wca]t  ]1 of ill forlttatioll iJl rece])t  years, clftcJl scparat-
iJlg IIcarly  un]~olarimd  corm frolll lligllly  p o l a r i z e d
jets, WIICII tllc two cannot bc resolved ill total iJltcn-
sit,y IIla]w, ‘1 ‘1’lIc IIlagllct,ic. field  ])ro])er(ics  ilnlllcdi-
atcly surrou Jldillg  (IIC core arc likely to I)c inti~[)ately
rclatd tc) tl)e  Jllcchanislll caus ing  curvature  iJl the
],arscc-scale radio jets. IIowcvcr, at t]w litliitcxl
rcsolutioJi c]f~,rc,{tJicl-lJasecl V],]]], it is likely  that the
],o]arizaliol] is oftcrl  J[laslicd  I)y c]vcrla])})irg  fcat,urcs

witllill a sirlglc  rcsolutioll  clc[[lcllt. Si]lc.c tllc highest
},olarimd flux densities ill cc)l[ll)act  sources usual ly
arc ]IIucli lCSS tllall 100 ]IIJy,  V,SOI°  aJld liadioAstroll
w i l l  I)c ca])al~lc of only very  lilllitcd ~~olarizatioJl
stlldics, }~rcdoltlillalltly  at L (; IIZ. ‘1’}10 ittcrcascd
rcso]utiori aJid s e n s i t i v i t y  o f  t])r AI US II; tllissioJl,
]mrticular]y at 2’2 (+112,,  wi l l  IJc ideal for sc]]aratitlg
tllc diflkrm]t  ],olarixcd featrlrcs and studying  tllc
])llysics  o f  Llic rcp;ioll ilfllllcdiatcly surl-oundill~  tllc

core.

l“or aJI $]tour itttcgration at 22 G]lz, tllc ~llilb
iJ))ulll JIJa]) IIoise f o r tllc groull(l-s!,ace hasclirlcs
I)ctwmll  VSOI°  and {lIC VI,liA will I)c al)out 1.5 ]IIJy,
illl]]lyillg a IIiaxilllulll acllicval)lc dy]lalllic rallp,c
(I,ca!i  l,riF,llt])css/J)c,isc)  of about GO() for a brigl)t
cc)rc-clc)ll]i]latc(l  s o u r c e  (tllc dyllaltlic  rallgc c~f Ra-
dioAstroll  tl)a]m ~vill I)c liitlitd l)y a]]crturc-])lal]c
covcragc at a  ]ow’er va]uc’). Assulllillp,  t]]at a  J)ia]l
IIoisr  tl]rcc tilllcs tllc tllcorctlically l~ossih]c v a l u e
i s  acllicl,cd, tl]c  ClyllaJllic rallp,c tvi]] I)c lil[litcd to

r’ougllly ~~o to ] iJ] Jllost  solJrccs.  ]JI contras t )  AIUSI{l





.

lll(’ilSll r(’lll Cllt (Ill a 10,000  -1{111 I)asclitlc.

VSOI”  slid l{:idioAsLroll  w i l l  tla~rc itladcqlla(r
orl]i(. [lclcrtllillzitic~tl  accuracy (al)out,  30 100 IIl[,tcrs,
tllrcc orders  of IIlap,llitudr (,00 }joor) a]ld iiladcqll:i~c
sctisit,  ivity (,0 ~lialic usdul orl)i(al ]~arallax  ]IIcasuf(-
II IeIIt S, llowcwcr, llIC },ro]~osd  AR IS II; lnissio]l  wi l l
I)C ca],al~]c  c)f IItcasurillg tllc crrl)ital  paral]axcs o f
itltcrxtr’llar wa(cr ]Ilascrs to I)cttcr that) 5°Al ill galax-
ies at dislallccs of several h!cgal]arscc, illdc}~ctldctlt
of t,])c galaxy dist, allcc. At distallm!s  o f  [J M])c or
IIlorc,  tliCIllliil IIleasurctllctl( e r r o r  dolllitlatrs aIId
g>lows so ral)idly  wit]l  disttil]rc tllal tl)c  orl~ital
l)arallax IIlcasurclllctlts will I)c litnitcd tc) g a l a x i e s
wit]] distances of al~ou(  G M])c c)r ICSS. (At IJrcscl]t,
illtcrs(cllar IJlascrs I]avc tlc)t I)CC]I  dctcctcd at dis-
taIIces g r ea t e r  llIa II 3 hfi]Jc.26)  ‘IIIIC  F,cotllctric  IIIra-
surcltlcllt of dis(allccs t o  scwcral cxtcrtlal galaxicx
l)y IIlca]is  c)f ll)ascr )Ilc]tio]ls WC)UI(I h a v e  ])rcfoutld
illl])lic.ations fc)r cosIIIolc)gy,  sillcc i t  WOUICI  l)y])ass
IIlultil)lc i]ldircct sk]~s  that arc used tc~ cslal]lisl) t}Ic
currmlt cxiragalactic clistallcc  scale.

J{adic) Stars

Radio s tars  arc olmrvcd  wit]l  \~l,lll t,ccllniqucx
I,otll fc)r :istroltlctric ])ur])oscs  s u c h  a~ tyil]g radic)
and c)])tic.al fraincw  and f o r  stuclyi)lg  tllc ])llysic.s o f
t,lIc s t e l l a r  systcl[ls al)d  tflcir clrlissioll  ]~rc)ccsscx.28
Stars c~llit,tillg  a t  r a d i o  frcqucnlcics  ty})ically  arc ill
l)inary systc]t~s.  ‘1’llcy u s u a l l y  a r c  w e a k  clllittm-s,
at fJIc lcvd c)f tc]ls o f  lnillijansky  c)r lCSS, cxcc])t
during I)ricf,  uilprcdictahlc cm(bursts. ‘1’llcrcforc,
tl)cy  will IJOt bc clctcc.table with VSOl’ c]r l{adioAs-
troll. SiIIc.c tllc raclic, s t a r s  IIavc stcc])  s])cctca,
tllcy, lilic  Scyfcrt g;alaxics,  cal)llot bc s t u d i e d  w i t h
grc)ulld-basccl  Vl,ll]  at frcqucllc,ics  c,f 2 2  G 11 z and
:IIJC)VC. ]Icnvcvcr,  AI LISII;  wi l l  ])roviclc tllc ca])al)ility
fc)r smlsitivc  obscrvatio)ls of  radio  s tars  a t  5 GIIz,
])articular]y i f  ]]l~asc-rcfcrcllcillg  tcc.lllliclucs  call I)e
Usccl  . W i t h o u t  ])llasc  rcfcrcllc.illg,  t,llc cfctcctioll
tllrcsllo]d  c)]) a I)asclillc I)ctwccll  AILISII; and a VI,lIA
alltc]llla at, b (;IIY, will I)c 2 - 4  IIi Jy, w]lilc  ]~llasc-
rcfcrc)lc.illg  tcclllliqucs wc)ulcl cllal)lc sc]urcc  dctcctioll
at a lcvd WCII I)clow 1 II)Jy. 011 a 20,000 -Ic III l)asc-li]~c,
tllc lillcar rcsolulio~l  oli a stellar systc]ll at a dista~lcc
o f  100 ])c w o u l d  I)c a]jI)roxil[latcly 0.06 A U ,  o]lly
al)ou( 25 tilllrx t h e  II;artll-htoon  distallcc, ‘1’1)(1s t h e
I)])ysics  c)f st,c]lar  syst,crtls  call I)c sl,udiccl wit]]  very

IIigll scl]sitivity and u)l])rcccclclltccl  rcsolutic)~l usirlg
AI{ ISII;.

ol,llrr  ltlvcsti~latio]ls

A IIullllwr  of other scientific olwcrvat  io]ls will
l~c I,ossil)lr with Al{l SII~.17 ‘1’llc II]casurcttlcrlt c~f Iclls
I)ro]]rrtics and  tiltlc delays ill F,raI’it:itic~rlzt lly Icriscd
cxtrap,alartic sources will cl II Ialicc  tl]c  ]Ilodclillg of
s(tcli ol)jcct,s,  l)rlcrlllitl:i(iclll of tllc I)ri F,lltllcss  clis(, ri -
I,utio]l  of IIz() IIlcgall)fiscrs  ill cxtcrtlal galaxies will
I,c Ilscflll  for study i)l?, Lllc I)llysical  characteristics of
tllosc s o u r c e s] ill additio)l  to tllcir role ill tllc c)rl)ital
l)arallax ]Ileasllrc]tlc])ts dcwril)cd al)c)vc. Nlcasllrcs
o f  tflc  s(ructurc  cjr radic] su])crllovdc  ill tllc days
itlllllcdifitrly  follo\vi]\g  tl]cir c)utl)urst a l s o  w i l l  I)c
])ossiblc;  SUCII IIlcasurc]tlcllts  lvill I)rc)llc tflc IIaturc o f

lllc I)arliclc trccclcratic~ll  IIroccss  and tllr distril~utic~ll
of tllc II)at tcr surrc)ul)dillg  tllc cx])lodillg star. (~lc)l)al
rcfcrc]lcc fralllc ullificatioIl at tllc IIlilliiircsccol}d
ICVCI  a l s o  IIlay I)c ])c~ssil,lc. l;acll c~f t]lcsc i]lvcstip,ti-
Liolw r e q u i r e s  rcsc)lutic)ll  I)cttcr tllall that avail al)]c
c)ll tile grclutld,  witfl  sctlsilivity f a r  I)cttcr tflall that
acllicval)le with VS[)l) or lLadicJAstrc]ll.

JltlSl~ hfissioll  (;ollccl)t

‘1’lIe AILISII; (AdvtrTIcccl liadic~ l)ltcrfcrc)~tletry
l)ctwccll  S])acc  and l;arth) lnissio]l  has I)ecll clcvcl-
c)l)ccI as  t,l Ic IIigll sc]lsitivity succcsscm  tc) VSOl’ allcl
lLadic]Astroll.  A IIu]lillcr  of tol)ics r e l a t i n g  to tllc
dcwigll o f  WI aclvallccxl  S])ace  \rIJIJl IOissioll  nave
l)CC]I d i s c u s s e d  ill tllc l’rc)cccclillgs  of all Astrotcch
21 Worksl]o]). 29 ~~lc ]Iav(, co]lsiclcrccl  several  possil~k

lnissio)l  ccmcc})ts fcm s u c h  a  ~nissio]l,  e a c h  rc]m-
scllt,illg; a diverse set, of scicncc ol)jcctivcs. ‘J’}lc’
II)issioll  colic.cl]ts  ])rc)])cd illcluclccl a  sillglc 50-1[1
s])acc  alltcl))la c)])crdtillg  at frccluc~lcics  u]) tc] 5 Gllz,

altd  scwcral  2 0 - 1 1 1  c)rbitillg  telcsco]~cs  o]]cratill~ si-
IIlultallcc)usly  at frcqumicics o f  90 (;ll~f  c~r }li~;llcr.
A n a l y s i s  c)f tllc scientific ]mtc)lt, ial c)f tllcsc ]Ilissic)lls
ld to tllc co]lclusic)ll  t h a t  ally  vial,]c IIlissio]l  had t o
o]lcratc at a ]flillif[lui[l  frcquclic.y  of 2 2  (;llz. Siilce
l a r g e ,  rclialllc,  s]]acc-dcl)loyalllc alltcllllas cjl)cratitlg
at 90 100  (~llz WC)UIC1 I)c })rc]llil)itivcly  cx])mlsivc,  wc
nave sclcctcd a collcci~t  for AR ISII~ that is I)ascd  CJII
a  15-  30-r II r a d i o  tclcsco]]c o})cratillg at olmcrvillg
frcquc]lcics u]) tc) 43 (;llz, wi th  the  lowest  ])c)ssil)lc
sysLcIII tcllll)craturm c)ll-l~clard tlic sj)acccraft. ‘1 ‘c)
f i r s t  o r d e r ,  this tclcsco})c  call I)c tllc]ugllt  clf as all
additic)nal VI,  IIA tclcscol)c ill s])ac.c, w i t h  c]lllal)ccd
setlsitivity ])c~ssil)lc  I)ccallsc  o f  tllc lower  Systclll
tclnl)craturm that call  be acllievcd a w a y  fro]]] tllc
l}artll aIId its dtrllc]s])llcrc.

l’crlla]~s  tllc sillglc tllost  iill]~c,rtallt  dcsip;  tl ])a-
ra)llctcr f o r  AI{ IS II; i s  that rc)utillr olwcrvatio]ls
]Ilust  Ilavc  a  70 frill~c-clctccticlll  tllrcsllold  C)f 1(’ss



tlIa II 10 IIIJy a{ a l l  ol)scrvillr,  frc(lu(ulcics  u]) to
22 (;117, it) order  10 cIIal Jlc (IIC olmrvatiolls of lllr
Clil SStlS O f  Ot)jccls  IIlcll(liollcd  al)ovc. l’or a SC( of
?;rolllld  radio  tclcsco]}m willl fixc(l I)rol]crtics,  (IIC
scl)sjl,jvj(y dcl)c IIds 011 tllrcc I)aslc ]Jaralllctlcrs: (1)
S]):ic(, tclcsco])c s i z e  atld a]~crtllrt c{licicllcy  (i. e.,
gfiill);  (2)  sys(cttl lloisc Lcllll)cralurc o f  llie sl)ace
tc]csco])c;  atld (3) sustai]lal]]c {Iata-ac.(]llisilic)ll  r a t e
o f  LIIc g,roulld  and sl)acc olmrvitlg, systctlls. l’or
O]IC ]Jossil]lc  SC( o f  olmlvillg systc][)  ])aralllctrls f(lt
AI{,  ISI’; , ‘J’al)le 2 colll])arcs tt]c 22-(1 IIz smwilivity
o f  Al{,lSl~  (o tha t  of  \~Sol” at (IIC sa]]lc  frcq~lcl]r-y,
tlsil]g  a I)asclitl(j  to a 25-r II \’I,l IA tCICSCOIJC. l’or ttlc
A1{,ISI; Itlissio]l  i]) al)]] roxilliatr:ly 200b,  it is a.wulllcd
tllal Lllc systclll  tc)ll])cratrlrcs oft, ]lr VI,l!A aIItCIIIIa S
w i l l  I)c dud  fro]]) tllcir currmlt v a l u e s  l~y using
]owcr  Iloisc  rcccivcrs, wllilc  tllc sllstaillablc l)all(l-
wid(ll of tllc VI,llA will I)c i)lcrcascd. ‘1’l)c ])rcdicted
IIo)llillal  sc)lsi(ivity  of {i basc]inc I)ctwcct)  two  VI,l IA
atltcnllas ill 20(M also is givcll  fclr co~ll]larison.

——— — . .
‘Jlrl)lc 2. 22-(~llz Srllsitivity o]] Ilasclillc Lc)

a Single  V1, IIA A]ltc]ltla
\Wi)l) Vl,liA ( 2 0 0 5 )  AltlSII;

l)ialllctcr 8111 25111 30111
l’;flicicllcy 40% 52% 60%
Sys. knll]). 2?00 1{ Go K IOK
l)ata rate 128 Ml)/s 1024 Ml)/s 1024 Ml)/s

70 li]llit 450 ]JiJy 20 Ii)Jy 6 I]\Jy

‘J’lIc ])ri)oary cllallcngc in t h e  dcsigll  of ARISI;
i s  to dcvclo])  a s])accc.raft  WI1OSC  I]crforlnallc.c  i s  ill
t,lic ‘Tircat olmrvatory’) c l a s s  cxcln])lificd  l)y lllc
IIubl)]c  S])ac.c ‘Jklcsco])c  al]d t h e  Advaliccd X - r a y
Astro]]]]ysics l’acility (A XA1’), l~ut WIIOSC cost i s
lI]ucl  I Ijlorc IIlodcst).  ‘J’llis r e q u i r e s  rcliarlcc c)]) IIcw
tccllllologirx  tl)at arc just< Iilaturillg, wi thout  wllicll
dcsigll  o f  SUCII a lnissiol]  w o u l d  I)c ])rollil)itivcly
cx])cllsivc.  1( also requires a careful colisidcratioll  of
tllc ]jrilllary scicrlcc  goals frc]lll tllc I)c.gilltiillg,  so tl)at
tllc II}issioll ccll)ccl)t  call I)c tailored to tl]osc s]lccific
g,oals. ‘l}adcofb c.alI I)c IIladc aIIICIIIg  Lllc difltirclll
c)l]scrvitlg-systclll ]jaralllctms fcjr AI LISII; that a r c
lis(cd ill ‘J’al~lc ‘2, I)ut  tl)c scicvltific  rcqoirclllcl]t
of a routillc 10- IIJJy dctcctiol) tllrcsllold  i s  q u i t e
itllI]ortalll and sl)ould  l~c IJlailltaillcd.

Scvcra]  other rcquircl]]cllls l,cyolld tlic sourcc-
dc(cc(ioll tllrcsl)o]d arc il)l])osed  o]) {lIC AI{.ISII;  lllis-
sioll  I)y tllc scicttl,  ific goals dcscril)cd  al)ovc.  ‘1’l]csc
I)asic  rcquircll]cllt,s a r c  Iistcd ill ‘1’al)]c 3 ,  a[ld dis-
c.ussrxl ill ]I)orc  detail I)clow.

—. _—— ——_— .——— —

‘J’al)lc 3. liasic r((lllir(l[l(tlts  011 Al{lSJI~

70 smlsitivily  Icss tlI:III  10 IIIJy  for all frcqllcllcics
ul) to 22 (illz, l~itll  sens i t iv i ty  of  Icss tlliill  5 lIIJy

at  5 (;lIZ  Iligllly  dcsir(d
Silllultallcous d u a l  ])olarizatioll  ca])til)ility, w i t h
vo]t, agc  isolatio]l I)cttcr tllall 3CXI

IIlitid  Iloilltirlg to  less  tllall ( ) .1  I)calllwidt,lls, c,r
fil)oul  b :ircscc  tit 43 (;lIz

(;a])al]ility  of slcwillp,  1° (I)rcfcraljly 2°) and sct-
tlillg,  wii]l  a IJlitld ]]oirltitlg  accuracy of 10 arcscc,
ill 60 scc.o]lds (])rcfcral]ly 15 sccollds) o r  Icss
orl)it (Ietcrtllilltitioll  a c c u r a c y  o f  5 10 clll

Alltcnl]a  l)csigtl

A  dc])loyal)lc  a]ltclllia ill tllc 20 30-]11 rallgc,
w i t h  IIif,ll a])crturc cflicicllcy  at frcqllcllcics  as IIigll
a s  43 (;IIz i s  r e q u i r e d  f o r  AI US II;. ‘1’llis :illtclllta

]IJUSI I)c rclial)lc, itlcxljcllsivc,  and r e l a t i v e l y  IOli’
]ilass. ‘1’IIc lcadilig  c a n d i d a t e  f o r  SUCII  all antclllla,
and tl]c  only  orlc w i t h  a  ])rojcctcd c o s t  well l)clow
$ 1 0 0  l[lillio~l,  is all illflatal~lc  alltc]llla SUCII as tllti(
currcll(l]y  I)cirlg dcvc]o])cd  l)y 1,’G:irdc,  IIlc. 111

1996, all cxl)cril[lmlt lcd I)y R .  1;. Frcelalld  o f  tllc
J e t  l)rol)ulsioli ],al)oratory and G .  1). IIilycu  a n d
G .  1{. Vcml o f  l J ’ G a r d e ,  ITIC. will I)c ])crfor~ncd  ill
o r d e r  to clc])loy a 14111  in flatal)lc .aIit,cII]Ia  st, ruc.turc
ill lkrrtll orl)it,  wit]l  all oil-orbit,  sorfacc acc.urac.y
I)cttcr tllall 1 I,lr[i r.111.s. 30’:31 ‘J’IIc inflatal~lc alltcnna
will I)c dc])]oycd  fro][l  tl]c  ,S]~artall cxI)crirllc~lt  c.arricr
rclcascd frolll tl)c sl)acc slIu Ltlc, and its surface accu-
racy as a fu]lctioll of tllcrttlal chfirac.LcrisLic.s will bc
lncasurcd I)y illullli])atillg tllc ofl:axis ]mral)oloidal
sur-face wit]l  light. -cnt]ittitig  diodcx  ancl lncasuri~lg tllc

reflcc.t ivity.

lt is  tllouglli t h a t  tllc collccI,t f o r  tllc il)flat-
al)lc  arltcnl]la  c.arl lIC cx~clldcd  irl a  straig,lltfc)rl~’arcl
Iliall]lcr to all alltclilla wit]] a dialnctcr as l a r g e  a s
30 Illctcrs. ‘1’IIc total ccmt. c)f tllc cx})criltlcllt to I)c
]]crfor]llcd  irl 1996 is orlly  al, out $7 IIlillioll, illl]~lyill~,
that a 30-III o])cratio]ial  alltclllla COUICI  I)c l~uiltj for
roughly $25 IIlillioll. Acliicvclllcllt  c)f tllc 0.8b  111111
surface accuracy required for A/16  lJcrforlllarlcc at
22 (;IIz SCCIIIS a rcasollal)]c cxl,cctatioll, wllilc tllc
0.43 -ltlttl surfidcc  IIccdcd  for  silllilar I)crforl]lallcc at
43 (;IIz ~vill I)c a  g r e a t e r  clIallcIIgc.  ‘1’lIc  I)rc)})oscd
orl)i(  for AI{ IS II; will l)ass tllrougtl  tllr l;:irtll’s radi-
ation I)clts, so cllar.c, illg arid clcc.trostatic d i s c h a r g e
of  tllc callol)y  of (IIC il]flatal)lc alltclltla is a conccr]l.
‘1’wo ])ossil)lr  sollltiolls arc clcclrical iso]atioll  c)f tllc
alltctlna s(lrfacc fro]rl  tlIc  r e s t  o f  tllc s])acccrafl o r



fIIIt II(I SI II(IY i> tlrc<lrtl  10 ctlcmsc bctwcwrl tl]cse
;lIt(llliill  V(*.

‘1”11~ c[lrl{[li  ~[ra~vltlal]  des ign  of  AIUS14;  would

II Ia!ie  lIW of aII ofk’1 Ilaraholic  rdlcctor, wit]) Ltle
sl}ac(craft Ij(]> Iocaled a~)ljroxilnatcly at tllc [Jrilllc

for-11~  o f  llIc Iiirgt :irltenrla, ~i collcrl)tual ]]icture
o f  ~tlis sitl[ati(oll  i s  sllo!vll  iri b’igurc 1 .  ‘1’llis clcar-
a])crt Ilrc dwip,ll  will  I)c l]cllefic  ial it) lnaxinli7.  irlg tllc
al~(rtljrc  cfliciellcy  of the ant,cnna  aad  reduc ing  the
tl)vrrtl:il  colll)li]lc,  lJet\vccJI the l a r g e  alltcnlla atld  tllc
s])acccraf’1  SySt,CIIIS.  W]ICII  Illorc  detailed dcsigll  work

i s  lll)(l~ltilk(’11,  otll(r “op[ics>’ drxiglis suc}l as all o11-
a x i s ,  lJrilllc-focus sys(,ertl  ar)d diflcrmlt vcrsiolls o f
( ~ilss(p,laill  sysI(lIIs ivill also l~e colwidercd.

\

ARISE spacecraft,

‘1’hc  drsirc(i systeln  tclnperatures in t h e  r a n g e
c)f 5 1 0  K  at, frcqucllcirs up  to  22 Gl]z, and 20 K
o r  Icss at 43 Gllz, nave IIot  yet b e e n  o b t a i n e d  in
a  lc]tlg-lifrtilllc (Y 5 years) s p a c e  systcno. IIowcvcr,
tllc sl)acc  ct]virolllt]ent  is a tremendous aciva~ltagc  ill
ttlat tf)e ol)]y real source ofcxtmlal  noise will bc t,llc
costllic  lllicro~vavc  I)irckgroulld,  s ince  cont r ibut ions
fro]],  tl)( I;artl]’s atlllospllrrc arlci groutld  pic.ku[) w i l l
be Ilegligil)lc.  flt all]l)icnt  tclopcratures 011 tllc o r d e r
o f  18 l{, allllliificr tloisc  telll I)crat,urcs o f  ](I K a t ,
4:1 ({ii? al]d  l e s s  Illal)  10 K  at 22 GI1z  IIavc  t)cc)l
IIlcasllr(xl ivil  II  flllurc  l)c.rforn]atlc,c  illll)rovcl]]cllts
(,xl)(cl(,(i.’f:’~+~~ ,\clIi(i)[~]tlc])t  of tl]c  desired t,otal  SyS-
tCIII Ic[l)l),r;(lllrt  l)rol)al~iy  will r e q u i r e  cooling  tlIc

fed lIorIIs ;III(I IIIay I)(’ a i d e d  by au ofI-axis (clcar-

a]jcrlurc)  :il I~c[Ir  Ia (Icsigtl. ‘1’wo  catldidatc tecl)rlol(b

:,ICS f o r  actlicvirij: arlll)icrlt rrceivcr tf.’~rl[)craturrs  it]
tllc 15 K ratlgc  :ire lly(lrc~gcI1-sorI1tiol] c o o l e r s  aIId

[)a.ssik,c  cooiitlp, I)y c~ra}]oratioli  of solid IIydrogc[l.

!)ala I{ate

‘J’l]e desired data rate for AIUSII~  is in LIIC range
of 1- Y (;l)il/s. ‘1’tle  Mark IV Vltlll systclll, currently
l~cil)g ciesig[jcd  Ijy IIayst{ick  Obscrvatory arid t,flc
l;llrol]ra[l VI JII1 Network as a relatively illcxl)cllsivc
Ill>gradc  t o  t h e  h4ar!i  111 systcr[)  t!lat h a s  Lcerl
o[)cratiollal for 10 years, will bc ca]]ablc of rec.c]rdillr,
atld  cc]rrc]atillg d a t a  al r a t e s  UII to ] (;l)it/s, w’it}l
straiglitforward  cxtensio[l  Lo 2 (;l~it/s.34’:’3  III a(ldi  -
tioll, tllc rccordi]lg systcllls at  tllc V1, IIA telmco]~es
aircady arc ca])at~lc  of ol)cratillg at 512 J’ll~i t/s if two
rccordcrs arc used si[llllltarlcollsly.15

‘1’hc ])rcfcrrc,d  dow~liirlk  frcqumlcy  for the/l)rmk
AIUSII; ~llissiol] will  be i~l t h e  S[)acc  ILcsearcll  l]arlci
~lear 38 G1lz.  At this frequency, tllc 1 I-III anten~las
l~cillg built by N A S A ’ s  I)ec])  S p a c e  Nctwor!i  f o r
sul)l)ort of VSOI)  a~ld lLaclioAstron  have al)clut  3 0 %

a p e r t u r e  cfficicl]cy.  Assu~ning ground  rcccivers wit,ll
systc]ll t e m p e r a t u r e s  o f  125 K a[lcl s i m p l e  difTcr-
mltial QJ’SK  ( Q u a d r a t u r e  I’hasc Shi f t  l{cying) o f
tile telelllctry d a t a ,  t h e r e  w i l l  be a ~Jositive l i n k
]nargin of a])])roxilllatcly 4 d]{ for a 0.5-111 spacecraft ,
antmlna t ransmit t ing  10 Wat ts  of  I)owcr  f rom a
dista~ic.c  of 50,000 klI1. Modification of tllc grou~ld
antcnt]a electronics to support a 38- G1lz, Iirlk and a
1-2 Gbit/s data rate would be rcquirccl.

()~)it,  selcqtion

“1’hc orb i t  for  ARISII;  will have a ]]crigcc  alti-
tude c)f a~)l)roxi]nately 5 , 0 0 0  krll,  w i t h  ail arjogec
a l t i t u d e  to be s e l e c t e d  froln a rangy o f  r o u g h l y
1 2 , 0 0 0  k~ll to 50,000 klil. “1’lle ~)crigec a l t i t u d e
a l l o w s  sotnc ovcrla~)  of ground  -grourid  and groulid-

sl~ace base]  lncs f o r  call])ratiorl [)ur~)oses, l~llt, kccl)s
~llost o f  tllc o r b i t  liigll  ellougli s o  that tllc s[)acc-
groulld l~aselillcs  ])rovidc in forlnatioll Ilot  availahlc
fro[n  grou[ld-oltly  V1,III.  (1’m-igcc altitudcx clcmr
t o  1 0 , 0 0 0  k]]] a r c  Itot  accel)tal)ie  l)ccausc of  tile
ilnagi])g defects  that w o u l d  l)c caused by a lack
o f  coIltilluity  Lctwccll tile grouncl-o~lly  aIlcl .groulld-
sl)acc basclilies.) AII allogcc altitLlclc~lcar  12,000  ktll
lvould  ]]rovidc  outstarldirlg  al)crturc-plalle  covcraf;c,
ic]ldillg  itself t o  v e r y  lligll  dyllaltlic  rallgc ilnagillg,
1)111 woIIld },rovidc rcsoiutiorl  oIIly 2.5-3 til]lcs that
aclliev:il~ie  frolll  tttc ,groulld  at  tllc satllc wavelellgtll.
MUCII IIigl]cr  al)ogce  aititucics  will p r o v i d e  su~)erior
al)glllar rcsolutio[l at ttle cxpcnsc of dytlarllic range





],lovi(litig (,IIc CIcsircd accuracy ill a s]lorl tilllc al]cl

W(JUI(I require Cllorlllous  fllrl s(,orcs, Sil Icc tl)c  S]lil CC-

crafl orl)it, i s  wc]l witllil]  (lie  l;artll’s ]Ilag]lctic  ficl<l,
tlIc rcacliotl wllccls  call I,c lIt Ilo:idcd  usitlg  ]I]a[;ilctic
llorqllcrs  ratllcr tllall ivitl[  Iargv tlirtlskr systclIIs.

‘111P ])IC)I)ICIII  of IIlovillg  a large all(clll)a (all)ril ii

rrl:ilivcly  light  OIIC) at ttlc CIId o f  a loIIg II IOJIICII1
tirlIl witl~out crcatillg  cxccssivc  lorqucx  ill tile slruts
rollllcc.lillg lIIC s])acccrdft I)ody  to t)Ic atlt,clltla IICCdS
to I)c s t ud i ed  ill dclail.  IJortullatc]y, tllc iilflatdl,lc
alltcjllla  is illlrillsically  a IIigllly  clat II IJcd struct,llrc,
alId it ]IIa.y I)c fcasilllc to rcl)lacc o r  st]c]lgtlle]i
tllc illfl.atal]lc struls wit]]  sIIIall dq)loyal)le  t r u s s
st, r~lct,  rtrcs.

Sullllllar’y

‘J’llis ])a])cr  IIas dcscril)rd  tllc wraltll o f  scirlb
tific  illvcstigatiolls that can  l~c l)ladc with a lti~,l]-
sclwit, ivit,y ,S])am \Tl, I]l ~[tissioll SUCII  as AI LISI’; .

‘1’l]cm scicllc.c p;oa]s IIlakc A IUSII; a wcmt,lly successor
t o  tllc \~SOl’  a]}d lbclioAstroll  cxl)crilllctlts  wllicli
~vi]l talic ])]ace  ill the ]atc 1990s. ‘J’IIc I]asic  dcsigll  of
tl)c AI{l SII1 ]I]issioll  has I)m) sul])ll)arimd  i]) ‘J’al~lc 4.
MaIIy  of tllc dcsigll  cllc)iccs arc sLill quite ])rcliltlillary,
and collsidcral)lc  additiol)al w!c)rk will I)c r e q u i r e d
t,c) Jllializc tllcsc chc)ices and ]Jrcwiclc Illc,rc d e t a i l e d
s])ac.cc. raft, and Il)issioll  dcsi  F;lls. IIc)wcvcr,  t,llc tccll  -
IIo]ogics  f o r  tJIc kcy olmrvi]lg  clmtlmlts,  naillcly
tlic large antclltla allcl tllc s])acc-qualified c.ryo.ge]lic
Systcllls, a])])car t o  l)c at hal Id aild  surl)risillgly
aflordal)lc.

‘J’al)lc 4. I’rclitIlitlary clcsigl) I,araltlctcrs of AILISII;

Alltctllla: Xl 30 l[letcr Clia]tlctcr,  off-axis/l,rcak
])arabo]oid, illflatal)lc strut.turc
ltcc.civcrs:  1.7, 5, 22, and 43 Gllz, wi th  systclll
tclll}~craturcs  o f  5-20 1{ (iltcrc.asillg  wjtll irlcreas-
ill?; frcqucmcy)
l’olarizat)ic]ll:  Sitllultjallcous dual circular ]jolariza-
tio]) at ,5 alId  22 (;117,
l)ata rate: 1-2 Gl)it/s, wi th  cllallllcl  I)alldwidtlls
rall?;ing  fro]ll  1 to 16 M]lz
J’crigcc  altitlldc: 5,000 Ii])l
A])ogccaltitudc: 12,000 50,0(10 ktll
orl)i[illc.lillat,ic)ll:  GOO
orl]it (Ictcrl)lilltttic)fl:  2  oll-l)oard [11’S reccivrrs
IIlill(l-],c)it)  titl?,accllracy: 5 arcmc
S l e w  rat,c:  1800/30 IItillut,cs
l’llasc-rcfcrcll  cillgslcws: 1 0 2 °  ill 15 60scco]Ids
A t t i t u d e  collt,ro]:  rcactioll W] ICCIS,  UIIIOaCICd  I)Y
lJlaF;tlct4ic  torqucrs
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